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daira * compost — obsWved , — 

educed canine irdlk compost AS,be j B ™? _ ..pucanaitimrtehertb below 

Klnun^ki; Kakade, OfteM and Fujimori- 

. , • „*, « U * C i 102(b) and UBM. as well as remarks 
The Board's uew rejection of the claims 35 USC S 1U * 
flprfln. the Mayer Reference. « « follow 

J Under 35 tt.S.C§m^ 

in view of **- ^ J— * ^ 1 ^ and Mi 

specification. The tfoord has aam,s 7 * B " * U ' 

unOerlSU^C § lOSWasnftViDgbeenobvioui. 

f „ Ac Board to mending independent Claims 1, 13, n«d 1* 
Applicant has laken piidmce f™* the Board in an mm* lQ ^ 

reference to an artificially proaucw stability to thosr. compositions 

*, claim, thereby lirnUing the claim from a penpecuve of 
which are ind^ artificially produced canine milk ^t.natea. 

A-h.r*™^ 

based on 35 U.S.C « 102(b). natural b«^ 1)6 
rej^oconthU basis s1»uld therefore* withdrawn. 
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Applic4n , h* now ^^nH^^wom^vebe. obvious 

pjofilM related to natural canine milk. Tbis was n<* tw»» 

any person of ordinary skill. 

• Qnc of ordinary skill have used to base a commercial canine 

It would not havs bee* tQ ^ 

... !nH wtation. upon which to condnct research- Again, ra bbik 

from a specific period of lactatioru upon own discl06ure „ set for* in the 

would be use of iii^rnnssible hindsigbt in view of Appbcani. sown disc 
prwent specification. See Sftedflctfkii. lines U - 31 . 

. -a h -A«v have otlKrwisc onticipaied tfe claim, connot nuw anhcipote me 
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Tfa Meyer 
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Muri**. Vol. 7. Jib. Macrae - 1»3 ^ «» * £ 

lenience of the lb**.), swe* whey ». -id vhcy have . ^ ***** « of 120% 
and «.». As ^ U cannot be deduced, « the *>ard really ,r*-* 

l w ve don, that two r^ia* Present in whey « to*** *»m » . «M whey ^ 
Wore , Applicant a**, that ^ * line K of the Mcy* Reference (from the un.^Ufcd 
OncumentXtoes notdbdose 3 casein to whey ratio oT about 7V.30. 

Applicant therefore respectfully requests that the Ex* colder the translation of the Meyer 
Referent as suggest^ 



CONCLUSION 

In light of ibe above remarks, it is rested the Outer reconsider and withdraw the new 
rejections posed by the Board. Early and favorable actio, in fl^c^ is respectfully guested. 

Applicant, have made an earnest effort to pl-ce ^^^tow^m****** 
th. invent** as now *fa»ri from the prior an. In view of the fa*** Applied .espectJully 
r^est r^onsi^tion of the present application, entry of the arnerulroent, presented here*, and 
allowance of Claims 1 and 3 - 1* 



August 20, 2003 
Customer No. 27,752 



Respectfully submitted, 
ALLAN UsPINB 

Jiclry L. McDow-Dunham 



Attorney for Applicant 
Registration No. 43,787 
(513)622-0159 



' Anolicant iitilte* thisencylopaeriic reference merely to provide persr^l We regarding wi 

Knit whey only 10 ttir. characteriiation provided in *ls particular reference. 
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WHEY AND WHEY POWDERS 
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ffQCtuctfutt and Uses 
Protein Concentrates and Fractions 
FQrm&ntHtiun of Whey 
PrinciphtS of Di/tiysfS 
AppftCAtiim* of Dialysis 



Production and Usee 



Origins and Characteristics of Liquid Whfty 

Whey, the by-priulnLi of casein and cheese manufac- 
ture, was for many y**rs treated as a waste product. 
Disposal was hy eiLher feeding to animals, or runmns to 
waste in » Li cams or on to the land. In the past ftw 
decades, however, cQviroiunental pressures coupled 
with a re^nition of the inherent value of wtwy solids 
have suited in the development of processes for the 
wm version of liquid whey into a range of valuable food 
ingredients. This article will review the source of wheys, 
compositional factors affecting utilization, alternatives 
for processing of whey, properties of whey powders and 
their uses in the food industry* See Casein and Casei- 
ns tes, Uses in the Food Industry; Cheeses, Chemistry of 
Curd Manufacture 

Source and Composition of Wheys 

Whey may be considered as the watery substance 
remaining after coagulation of the casein in milk, either 
through the addition of acid (as in casein manufacture), 
or through the action of a protease such as chymosin (as 
in chfte^ manufacture). Clearly, the composition of 
whey will vary considerably, depending on the source of 
the nil IV and the manufacturing process involved. 
Huu^vei , on average, whey contains about 65 % per 
kilogram uf solids, comprising about 50 % of lactose, o" g 
tit protein, 6 g of ash. 2 g of nonprotein nitrogen and 
j» uf fat Casein wheya generally have a aienincnntly 
higher level of ash than cheese wheyn. 
Ti is convenient to class whey into three major groups: 

• Swew whRyv lilraLahle acidity 01 0-0-2%, pTT typi- 
cally VR-rVfi. This category would include wheyo 
nriMhiLcd ft am chymosin-coagulatcd cheeses with 
li.iw levels of acidity. 

• Medium acid wheys: titratablc acidity U-4U%, 
p-H typically 5 0-5-8. Thi3 claas could include whey 
from the rnanuiacturc oi ireah acid ohwee eueh as 



ricona or comhjjk lIibcucs. See Cheeses, boft «» J 
Special Varieties 
* Acid wheys: iiiroinhle addiiy greater than 0 40%, |M ' 
leG& Chan 3'0. This das* uronlcf include casein whf> 
made by addition of mineral udds» and some tiv-i* 
add cheese wheys. 

A detailed composition uf d< ied sweet and acid who> . 
is shown in Table 1 . 

the following points aic of particular relevance iv 
assessing options avaibihle fur the processing of wIkv 
streams; 

(1) Wliey has a total solids of about 6*5%, i.e, it \* :i 
fairly dilute product. Thus, to produce l k£ of who \ 
puwdcr requires the removal of about twice as much 
water as does the production of I kg of milk powder. 
Water removal is a costly unit operation, and tlii* 
factor alone mitigates against many options foi 
whey processing. 

(2) Of the mua solids in whey, more than 75% is lactose 
The effective utilization of whey is therefore inextri- 
cably linked with the effective utilization of lactose, 
Unfortunately, lactose is not a oommercially valu- 



Tsbte 1 . Composition of sweet end ecid whoy 
powders, and whey protein concentrates 

Composition {%) 



Crude True 
Moisture prc-twi prottin Ljwto» Pat Ash 







12 9 




744 


11 


8-4 


Atid wher 


35 


J 1 7 




73-1 


0*5 


10-8 


35% WPC 




4b-I 


29-7 


46<5 


7*1 


7* 




4-3 


52' 1 






V7 


fi-4 


65% WPC* 




(53-0 


594 


2M 


H 


39 




40 


BIO 


75-0 


3-S 


7-2 


i'l 



* Dcito from Pocati LP find Orr ML <i»/h) Agriatitum H»ntftoo*. 
Nc. 0-1 , Waahinflton; OS Oopartm&nt ef AariCv-lTMra. 
fc Drtirt fruii Glover FA (190$^ UltmRHrttion of?dfleY*ree> Osmesis 
fat too Dairy tntixwry Tmrheur.»tf Button i. Ho. 5, Reading; Notional 
inttrtuU tor KMOoron m risiFymg 
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Toblo X Ralariv* sw«jtness and solubility of 
lactose, sucrose and soma monosaccharides 



Solubility 

(g per 100 g solution? 



Sugar 



Relative 
sweetness* 



10 D C 50*C 



Sucrose 1 CHJ 

Lactose 1$ 

D-Oaloctosc 52 

D-GIuco*k 74 

□-Fiuetose 173 



66 




n 




20 


30 


26 


36 


17 




54 


70 




$?. 


87 



* Dota from Pawr JH (l$7f»). Oligosaccharides In: 

Flom»n W. Ilorton D or* N»n> A <*0 

rtyrfrtpr C/iem/rt v end Qtrthwttoy* P bg « Ncw Yort » 

h Dota from Sha* NO and NlfikBfRnn TA (1 9701 Func- 
ilncwl M .opsrtioa of hydrolyMd Iflrtow: soUinlilTv vteca- 
city *na hurrwriMiii piopcrtiff*. Jeurnd er Food seme? 
43:10*1. 
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t those concerned wth sample removal of water (spray 

or rolla r drying to yield whey powder); 
« th«econcemedwiliincrcasingthcranoofprot<tinin 

the end-product (ultrafiltration for the manufacture 
of whey protein concentrates, fractionation processes 
for the manufacture of protein isolate*, heat treat- 
ment fax die production of lactalbumifi); See Filt- 
ration of Liquids 

• thow concerned with utilization of the lactose in 
whey (treatment with loctase or heat/acid for lactose. 
hydroJysed products, fermentation to a range of 
products such a* lactic acid, citric add and single-cell 
protein); t 

« those designed to alter the mineral composition of tuc 
product (elo;uodwly*ia and ion exchanfff for the 
msnufaciurt of ricmincralized products). 

Each of ihwiK i* cunsidcrcd in turn below, 
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»hle jnigar, as it is not particularly soluble, nut is it 
pailkularfy sweet (Table 2). These factum limit the 
i^mmcfcial applications of whey solids very lou- 
aidcrably, Lactose , 

(3) The proteins preeent in whey comprisr »huut 50% 
/Mactoglobulin, 25% a-laciaibumin and Wto other 
proteins. Wh*y proteins have a very high n utritional 
profile, are high in essential amino acids and can 
have excellent functional properties. Clearly, there- 
fore, the whey proteins are the most valuable 
components of whey, and most whey-piocessinfi 
operations (eg, ultrafiltration, manofacture of iae- 
talbumin) therefore aim at increasing die propor- 
tion of whey proteins in ihe cud-product See 
Protein, Quality 

(4) The mineral content and low pH of casein wheys 
severely limit their commercial exploitation. The 
vast majority of whey-based products are commer- 
cially manufactured from low or medium acid 
wheys. 

(5) Whey has a very large biochemical oxygen demand 
(BOD), which poses major difficulties for its dis- 
posal It should be also nousd that a number of 

/ ~ Options for whey prowling, particularly those 

which result in an increHse iu the proportion of 
protein in the product, also result in the production 
ot a waste product which ci>u tains most of the 
lactose originally prweui. This stream in turn will 
require further processing Thus t"t problems 
posed by tnfl BOD of the origin*! whey are therefore 
Often little affected by many uf the whcy-proecssinK 
options. 

Processing Options 

Processing options for whey fall into four main areas'- 
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frying of Whey 

Spray drying of whry is a fairly straightforward oper- 
ation, with conditions wiiiiloyed similar to thoea apply- 
ing for the spniy drying of milk. Thus, the whey Is 
concentrated to 40-70%, total solids and Bpray (or 
roller) dried to a mnislure content 01 lew than 5%. The 
drying of whey is, however, complicated by its high 
lactose content. Larltwe exists in two isomeric forms, Ga- 
lactose and 04*clusc. u>T,actose crystallizes aa a hyd- 
rate, whereas solid /Mactosc contains no water of 
crystallization. However, when solutions of whey are 
dried rapidly, there may be insunicicnt time for the 
crystallization of a-lactosc to the raonohydrate, and it 
forms a* amorphous i-lactosc. The dry lactose in the 
whey product U then essentially in the same form as in 
the liquid. Neither a-lactosc hydrate nor ^-lactose is 
hygroscopic- However, amorphous ct-lactose is highly 
hygroscopic, and will absorb moisture from the air, 
resulting in a hydrate which occupies more space than 
the amorphous form. This effect causes the commonly 
observed lumping and caking in mnny whey powders. 
See Drying, Spray Drying 

Both hygroscopic and non-hygroscopic whey 
powders are man ufacturcd, The former are produced by 
Simple drying of the whey concentrate. The manufacture 
of non-hygrosnnpic: whey powders relics on the conver- 
sion of much of ili* lactose in the liquid concentrate to a 
crystalline form prim to drying. Thb is achieved by 
holding the concen ti * n nder appropriate conditions to 
allow for extensive funuation of a-hydmte crystals. 
Altemaa'vely, a process similar to instantizing may be 
used, in which the surface of the partly dried whey 
powder parlors arc partially humidified prior 10 com- 
pletion of the diying operation. This stage permits 
additional crystallization of the at lactose during drying 

Production and UttS 
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Means for Increasing the Protein Content of th« 
£Dd»nrnduct 

Whey solids contain about 1 1% protein. Many of the 
most popular methods of whey treatment oim at 
increasing this level, with end-products containing 
between 35% and virtually 100% protein. It should be 
noted that each of these methodologies results in a waste 
stream high in lactose, which will pose separate utiliza- 
tion or disposal problems. 

Ultrafiltration 

Ultrafiltration is the most cnmmiin method used by the 
dairy industry to prodix* a rangtof whey products with 
increased protein ctmiem, knowo as whey protein 
concentrate* (WPCs). Ultrafiltration relies on the pass- 
age of whey near » membrane with a pore size such that 
low-molecuJaj-weiglit materials Mich a* lactone and ash 
paSS through thpmffrnhnine, whereas liigher-inokcular* 
Weight components suuh as proteins are retained. On 
ultrafiltration of wh^y, iht»rcfore, Lhe Mil Ids content 6r 
ihe product re&ined by t1i* nlrrafilt ration membrane 
(The reifrntate) \$ higher in prtiLeiii and luwa in lactose 
than the original tvfiry, And tlrc sri\\ds content of the 
product whirh pMsscx Ltiiuugh die membrane (the 
pennrale) i* high in W.tosc And ash and has minimal 
protHn raiment. 

WPCs produced from a wide range of wheya, 
gjrnrrally ui protein ojntcuts of 35%, 50% and 75% 
(Table 1 ) WPT of 15% protein content is often used as a 
hkirn milk pirwder replacer in applications where the 
ypeuifu; functionality of skim milk powder is not tmpor- 
tHTii (WPC uf 35% pioteiu content is fiencraUy sifirtifi- 
wiitly Irss expensive than skim milk powder). WPC of 

50% protein content is not widely manufactured, and 
generally in nicd for specific applications only, WPC Of 
75% protein content can have very desirable functional 
properties, and these can be readily manipulated by 
modification of the manuf acturing process, Such pro- 
ducts often have excellent water-binding, gelation ond 
emulsifying properties, making them sought after as 
functional ingredients by the food industry. See Emulsi- 
fiers, Organic Emulsinera 

Lactalbumin Prpductipn 

Whey proteins arc heat-sensitrve, and can be precipi- 
tated by heat treatment under appropriate conditions of 
pU and ionic strength. This property is utilized in the 
manufacture of lactalbumin. (Note that lactalbumin - 
the product of heat precipitation of the proteins from 
whey contains a mixture of denatured ot-Jactalburnin, 
fHactoglobulin and other whey proteins. 'Lactalbumin 1 
should not be confused with a-Jactalbumin.) Jn the 
manufacture of laotalbumin, whey is heated to denature, 



coagulate and prrcipilale lhe whey proteins; the sedi- 
ment Is recovered by settling and decantation (or 
centrifugation), washed in remove excess salt, and the 
product recovered by cenliifugation or nitration prior 
to drying, grinding and bagging. The beat treatment >1 
used in the. manufacture of lautalbumiri results in 
extensive denaturation of the whey proteins, resulting in 
a product of poor functionality, LacLalbumin, therefore* 
finds its best applications in products where protein 
fortification is necessary, but it is not required to provide 
any functional properties. 

Protein Isolation tmd Fractionation 

In contrast to the precipitation of whey proteins by heal 
treatment in the manufacture of lactalbumin, protein 
isolation and fractionation methodologies aim at sepa- 
ration of the proteins from whey in such a form that thry 
remain as for as possible fully undenotured, and thui 
retain their runctionnlity. These products (protein con- 
centrates and isolates) ore therefore high in protein 
content, and can have exceptional functional propenta 
of considerable value to the food industry. 

Protein concentrates contain the whey proteins in 
about the same proportions as that in whey, (Note that 
in this article, the term 'protein concentrates' i& used for 
high-protein products containing the individual whey 
proteins in about the same ratio aa that present Jn whey , 
the term Nivhey protein concentrate* is used for such 
products manuiactured by ultrafiltration, and thi terms 
'protein isolates' and 'protein tractions' are used to refer 
to hiah-protcin products with a higher ratio of u 
particular protein thou that present in whey.) Such 
protein concentrates arc generally manufactured by the 
use of a nonspecific absorbent to bind the proteins in 
whey, followed by elation of the proteins by ireaimeni 
of the absorbent with a specific eluent, Absorbcnii 
which have been coinmerdalry used Include carboxy 
raethylceilulose and a range of mineral oxides. Although 
these absorbents are comparatively nonspecific, they 
can show preference for binding particular protein* 
under set conditions of pH, temperature and ionic 
strength. Thus, these processes can be used to produce 
protein isolates, for example with a higher ratio of 
0-Iactoglobulin to a-Iaotalbumin than that present in 
whey. 

Protein fractionation technology is also developing 
which relies on separation of a-laetalbumin from ft* 
lactoglobulin on the basis of their differing solubilities 
- under specified conditions of pH, temperature and ionic 
strength It is therefore possible, for example, to scpar* 
ate by sedimentation most of the o-lactatbumio from 
whey by careful manipulation of processing condiiion*. 
Both the tf-lactalbumin which has sedimented, and the 
residual soluble protein (mostly /MactoglobuHn) ar* 
comparatively undanaturad, and thus retain their hiph 



Received fr om < 513 6 22 3300 > at 1115/03 2:49:51 PM [Eastern Standard Time] 



NOU-05-2003 15:19 



P&G HC PATENT DIU. 



functionality. Hie conditions employed in these pro- 
tases arc very mild, and do not rcsull in f"iy denatu- 
ration of the whey proteins. With such prtxasscs it is 
Lbereforc possible to produce isolates high in /Mactoglo- 
bulm (witfi extremely high gel strength) and a-lactalbu- 
min (a product which may have considerable potential 
in nanaltergcnie infant foods). 

Lactose Processing Options 



The options for treatment of wb«y involving lactose may 
be divided into three groups - the** involving a Fermen- 
tation step, those involving separatim! °* me kw* 0 ^ ^ Applications 
its utilization, and those involving enzymatic hydrolysis 
of the lactose to produce ^lactose and glucose. Sec 
Galactose 



513 622 3300 P. 17/36 
Whey and Whey Powders 4891 

dcniinernlization of whey is therefore a popular option 
with manufacturer*. In general, this is accomplished by 
treatment of whey by ion exchange (no preferential 
removal of ions), or dectrodialysis (preferential removal 
of monovalent ions). Both processes arc cjcpenave and 
produce high levels of Intractable effluents. 

More recently, an option Tor demineralization using 
'open 1 reverse-osmosis membranes has been developed* 
These membranes allow the passage of ions and water, 
whilst retaining all other whey cornpinients, including 
lactose. 



Fermentation 

There arc many options for the fernreuiation of whey 
described in the literature, including the prmli^Liuu of 
biogaa, biomass, alcohol, lactic acid and uti* acid. 
However, thedairymdufitry worldwide has not iHkeaiuu 
such opportunities to any groat extent. Plant* du fsixt 
for the prooee&nft of whey into Nomas* ami ak-uLol, 
notably in the TJSA and New Zealand (all -ohnl), hut the 
throughput of tties* units Is comrw™ Lively small. 

Reparation q) r Lactose 

In many respects this is a most attractive option, as it chu 
be used also as a process foT the treatment of waste 
streams from other whey treatment operations such as 
ultrafiltration. However, as indicated above, lactose; is 
not a commercially desirable product, and the marVet 
for lactose is comparatively inelastic Manufacture of 
lactose (normally o-lactose hydrate) generally mvnlve* 
protein removal, concentration, refiJlraliuu, further 
concentration, induction of crystallizatirm, and sepa- 
ration of crystals with a basket centrifuge 

Lactose Hydrolysis 

The hydrolysis of lactose yields the sweet soluble sugars 
glucose and galactose* thus increasing the applications 
of the product. Such hydrolysis can be carried out by 
treatment or whey with lactase, or by treatment of 
deprotcinized whey at elevated temperatures and low 
pH, It should be noted that it is difficult to dry 
hydrolyscd wheys because of the tendency of the 
monowocharides formed by the hydrolysis to produce 
glasses on the surface of the drier. 

Changes in Mineral f!runposition 

The mineral imposition of whey, particularly casein 
wheys, ix such that it dckteriously influences the taste 
hthI upjii;cAtii>as of the product. Whole or partial 



Whey solids may be used as a food mgnalieut in 
products such a* call* milk replaces, infant formulae, 
whey chee*;, beverages, baked goods, Ice cream and 
udiei dairy products, comminuted meat product* and 
Imitation milk products- In moflt coses, the wViry uilids 
umLjibute little to the functionality of the product, 
ufleiine nnly a comparatively low-cost source of prt* 
twn, cHrlxiliydiatc and eaiciufll 

Slmihuly, lnctAlbumin is used in foods where protein 
fan ifiiaiLiini is loquired* 1>ut additional functionality h 
mil fAsential. Uctalbuniin is cornmonly used In pro- 
duels such as baked kooos and comminuted mcai 
products. 

WPCs are used where both protein fbrtifkatiuu and 
functionality is required, although WPC of 33% pmrein 
content is generally employed directly as a rost-cfleutfvc 
skim rnillc powder rcplncer, WPC of 15% protein 
content, with its excellent gelation properties, i* often 
used oa a cost-effective egg white replacer. 

The main market for damnerolized wheys is in the 
formulation of cow's milk-based infant formulae with a 
closer composition to that of human milk. Deminera- 
lizcd wheys also may be used effectively as beverage 
ingredients, where the saltiness of the luidemincraUzcd 
product might normally preclude its use. See Infant 
Foods, Milk formulas 

Lactose is used in sauces, instant drinks and meat 
products, where its low sweetness and ability lo enhance 
flavour arc advantages. Lactose is also used extensively 
in the confectionery and bolted goods Industries. Highly 
purified lactose is also used in the pharmaceutical 
industry for tablet making, and as a substrate for the 
manufacture of peiuoillin and other fermented producis- 

Applications of hydrolysed wheys mcmdeingrethciits 
in foodstuffs such as beverages, and other product* such 
as moist animal foods, where it can be uwd as * 
humcctant to replace the more expensive glucos* com- 
monly used. 
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~ j# Wkev Utilisation. Bulkito of * te 
■UStfS; 4^ No. Ill B~* 
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Scrum casein ^ 
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0*29 
0-13 
00i 
1*06 
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74 
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4 

2 
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Protein Concentrates and 
Fractions 
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the food industry. 

Characteristics of Whey Proteins 



tWl Publishing. 

(including irnmimop^l ™) a > WMft 

wOl have a considerabte of tte w w protein* 

Changes laf-fflrtnuiiin and l : 

erop loycd for svhty »^ J^JS i n 

partial denaturatioo, wheh jenerauy 
tiooality of the product. 



oioteins in ski* milk Is shown m JabteJ. *. ^asc 
«Vr aa -i.^t(3 Method* of Mamitactu* 
^SSSlSbe ™jor protein In wh^com- 
JLm .to* one-half »f th= total proteta present- It 
pndng Hftottt m ™ u-Hmiti and has a monomer 
occurs in . r» b %°^"f?K sh ould t» noted 
mowulor weight of about IROOO, it -no ■» 
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Table 2. Fu nctionalliy of whey proteins Infood^ 
ttmctioaa) property Mode of action 



Food system 



Solubility- 
Water absorption 

GfJattnn 

O ihcsion-ftdhcGion 
Elasticity 

ttnulslflcHliiiu 

Fat absorption 



Foaming to entrap gas Farms stable film 



Motrin solution BeveiafcCS 

Hydro*** bendin* Ot water; tmrapiMat of *a*r Meat snusa*«, ,b«ft* 

T^cke^^r binding ■ ^'^^ 

Protwo matrix fonnmiim and settm* M*«& f Cimta, naked jOOds, chew 

HyH^bic bonding in KluWn; disulphWe llife Meats, bakery products 

Pomona and jtawiizaitnn nf Da emulsion **wh* * mtctter ' 

soup, rates, miaul formula 

Wndlngura^&t S»,.^. distant. 



Chiffon, desflertc, calces, whipped i« icings 



rv > i p " 1 f — a*—— ■ - 

210. 



^n^tration* h employed, in which additional water la 
added to the retrniaie din ing manufacture 10 'wash out' 
more of the Uw-iuuleculaT-weight materials from the 
retentate. 

Whey proteins offer foodstuffs a wide range of 
potential functionality, as shown in Tabic 2. A number 
of fcetors influence the functional properties of WFCs. 
These include the source of whey, its protein content, the 
heat treatment applied to the whey or ultrafiltration 
reteniate during manufacture, and the lipid content and 
mineral content of the WPCa. 

In general. WPCs of lower protein content have more 
limited functionality than those of higher protein con- 
tent. In many cases, WFCs serve more than one 
functional purpose in foods, For example, as whey 
prntdus remain soluble over a wide pH range, and in 
particular near pH 4-5, they may be used in addle drink!* 
as pruteio fortifiers. They moy also bring emulsifying 
pmpertica to these products and, ir desired, may filwi 
add turbidity. WFCs can be used as water binders in 
products such as baked floods and processed meats. In 
such casci. processing temperatures must be sufficiently 
high to denature the whey proteins, but not so high a* to 
disrupt their water-binding properties. WPC* also can 
have excellent delation characteristics, anr I ran awiist in 
the formation of heat-induced gels in meal product* and 
baked goods, iha emulsifying properties nf WPCs can 
be employed in products euch as salad dmahqp. WPf!* 
may also have awful foaming properties, prnduuii* 
very stable looms on whipping- ^wEmukuwr*, O z*u\* 
nmuhificrt: Water, Structure, Properties and Heicnm- 
nation 

The manufacture of WPCs wlih snnh widely vaiyuia 
and yet specific functional proper lie* inquires the care- 
ful control of manufacturing romliLiuus. Currently, 
much ultrafiltration processing of wl wry is carried out on 
an ad hue talis, with little; umlentLaitdiug of the effects of 
individual processing parameter *m the conformation 
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or structure of the individual proteins, or on tlw 
funuduiuiliry of the product* It should also be noted that 
the farictionality of the whey produce can be perma- 
nently impaired by the use of excessive temperatures or 
extremes of pH during processing* 

Mineral composition is an important factor determin- 
Ing whey protein functionaUty* Many of pbe functional 
properties of WPCs arc considerably influenced by 
either demineralization or by the addition of calcium 
salts. Clearly, the manufacturing process employed in 
the whey production process will influence the mineral 
intent of the product, and thus its functionality. 

Whey proteins can also be recovered by the appli- 
cation of heat to whey to cause coagulation of the 
proteins (lactalbumin manufacture), or by adsorption 
or ion exchange (using adsorbants such as carboxy- 
inethylccuulow-such as in the Bi-Pro process, or 
inorganic oxides - such as 'SpherOsiT reagents) or com- 
plex formation (with rcaRents such as polyphosphates). 
The manufacture of lactalbumin by heat treatment- uf 
whey is widespread. Some small-wale plants are com- 
mercially monuractunnK whey protein isolates utilizing 
cither Spberosil or wboxymtthylcellulose. The pro- 
ducts of these operations are highly Amnion*], lii$h 
value-added whey protein fractions which Iwve high 
specific functionality. However, in general, the cumuier- 
cial application of these processes appears to I* limited 
hy the high costoond low protein-binding capacity tiPthc 
adsorbents* 



Whey Ft actions 

Whey protein* can be recovered hs mixtures of the 
proteins m whey by use of the technologies outlined 
above. (Jonimcrcially, ultrafiltration technology is 
dominant for euch processes. However, WTCs manu- 
factured by ultrafiltration have nni i n geuei al Hvcd up to 

Protein Carwtsntrates dfuf Fractions 
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their promise of offering reliable highly functional cost- 
effective ingredients to the food industry. In particular, 
the functionality of WPCs is often poor and/or highly 
variable- Further, the functional properties of WPCs are 
often well below those expected from their protein 
composition. This may be due to mechanical or heat 
damage to the proteins during manufacture, or to the 
presence of other compounds in whey which inhibit the 
development of full functionality. 

To overcome such difficulties, a number of alternative 
options for whey protein fractionation have been devel- 
oped. These aim at manufacture of protein fractions 
containing a higher proportion of a particular protein 
than that present in whey solids. 

Ion Exchange 

Ion exchange or adsorption was briefly discussed above 
as a means for separation of proteins from whey. 
However, the adsorbents used can also selectively 
adsorb specific proteins from whey under specified 
conditions of pH and temperature. For example, under 
appropriate conditions certain Spherosil adsorbents can 
selectively remove a significant proportion of the /?- 
lactoglobulin from whey* leaving a fraction rich in «- 
lactalbumin as the effluent from the adsorption process. 

Such processes generally employ batch operation, 
involving adsorption, elution and regeneration. 

Ion Depletion 

This technology relies on the fact that ^-lactoglobulin is 
insoluble in solutions of low ionic strength, particularly 
in the vicinity of its isoelectric point. This principle has 
been used in a number of studies which have ted to pilot 
scale separation procedures. The products in general 
were substantially /Mactoglobulin, although other pro- 
teins were present. However, the yield of the process was 
poor, with only about 30% of the protein present in 
whey recovered as the precipitate. 

Thermal Separation 

A series of studies have recently shown that the 
solubility of a-lactalbumin decreases very markedly 
under certain conditions of pH, temperature (below that 
of denaturation) and ionic strength. These conditions 
have no effect on the solubility of ^-lactoglobulin. 
Clearly, this difference in solubility characteristics may 
be exploited as a means of preparation of whey protein 
fractions. Two processes based on this principle have 
reached the stage of near commercialization - one in 
France, and the other in Australia. The major difference 
between the two is the starting material - the French 
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process uses untreated whey, the Australian process uses 
whey concentrated to 12% solids by ultrafiltration. In 
the Australian process, the pH of the ultrafiltration 
retentate is adjusted to 4-2, and the process of aggrega- 
tion initiated by heating of the mixture to 64°C for 5 
min. During this process, the a-lactalbumin aggregates 
into small particles. The product is then diluted with 
water to assist in formation of larger aggregates, and the 
sediment (which is mostly a-lactalbumin) separated, for 
example, by centrifugation or microfiltration. The 
separated sludge is evaporated and dried, to yield a 
fraction high in a-lactalbumin (a fraction) > The super- 
natant is subjected to ultrafiltration and diafiltration (to 
assist in removal of ash and lactose), and dried to yield ;i 
fraction high in ^-lactoglobulin (/? fraction). The 
a fraction contains about 50% protein (mostly ce-luei- 
albumin) and 40% lactose, and the 0 fraction contains 
about 75% protein (mostly ^-lactoglobulin) and lv» 
lactose. 

It is probable that the products from the French tnui 
Australian processes will be similar in functionality i n 
each case, the ft fraction is low in lipid content. Tiu* 
£ fraction has been shown to have excellent gelation 
characteristics (much greater than those shown by ilu* 
best 75% WPC). Further, the gel Strength exhibited hv 
the fraction can readily be manipulated by mimu 
modification to processing conditions. Clearly, t hK 
product has considerable potential as a highly fum 
tional food ingredient, with applications similar to iIiom* 
of egg white. 

The a fraction contains most of the lipid and pho% 
pholipid in whey, and should be expected to slum 
excellent emulsifying properties. A further application 
for the a fraction is in 'humanized' infant Tuinls 
Although whey-based products arc common comji" 
ncnts of infant foods, whey contains a sigmlic.oii 
amount of ^-lactoglobulin, a protein which has n.. 
analogue in human milk. On the other hand. htmLin 
milk does contain an analogue to bovine a-lactalhimn n 
Clearly, therefore, infant foods based on (0-lactoglnlm 
lin-free) a fraction may offer considerable advantnpi s im 
reducing allergenic response. See Infants, Breast- timi 
Bottle-feeding 

Ferric Chloride Fractionation 

Techniques have been described in the literature I'm i it- 
treatment of partially demineralized whey wiih u-ui. 
chloride to precipitate ^-lactoglobulin selectively .v. a 
ferric complex at near neutral pH. By contrasi. ;ti ,u. 
acidic pH, almost all proteins except 0-lactoglobulin .» i * 
preferentially precipitated. In this case, the sepin-u.-.i 
complex can be solubilized by a change in pH u» m-.n 
neutral, and the ferric ion separated by, for cx:nii|»!» 
ultrafiltration. Such processes do not appear u> W iu-.h 
commercialization. 
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Table 3. Some uses of whey proteins and whey protein 
concentrates In foods 



Baked custard 

Beverages 
Acid-clear 
Acid-turbid 
Neutral 

Biscuits 

Breads 

Cakes 

Cake fillings 
Confectionery 

Caramels 

Milk chocolate 
Canned beans 
Cereals 

Chocolate drink 



Coffee whitener 
Cream filling 
Cream icings 
Cream sauce* 
Cream desserts 
Cultured beverages 
Doughnuts 
Egg white replacer 
Egg yolk replacer 
Gravies 
Hot dogs 
Icecream 
Imitation cheese 
Imitation milk 
Macaroni 



Meat analogues 
Meat extenders 
Meat loaf 
Meringues 
Noodles 
Pasta 

Potato flakes 

Puddings 

Sauces 

Sausage 

Sherbet 

Snack foods 

Tortillas 

Whipped toppings 
Yogurt 



Data from Marshall KR and Harper WJ (1 987) Wh*y Protmfi 
Concentrate*. Bulletin ot the International Dei/y Federation, No. 
3886, p 21 . Brussels International Dairy Federation. 



for example, microfUtration. This would result in a 
protein fraction of increased functionality, and a lipid 
fraction with excellent emulsification characteristics. 

Summary of Whey Fractionation Methodologies 
Of the various whey fractionation processes outlined, 
only the procedures based on adsorption/ion exchange 
involving the use of carboxymethylcellulose and Spher- 
osil are in commercial operation, and these only in 
comparatively small-scale operations. The thermal pro- 
cedures for whey fractionation are nearing commerciali- 
zation. Of the remainder, the use of microfiltration for 
pretrcatment of whey to remove lipid-containing mater- 
ial is likely to become commercial within the next few 
years. The remainder of the processes outlined seem 
unlikely to be of commercial interest. 

Functionality of Concentrates and 
Individual Whey Fractions 



Removal of Lipid from Whey and Whey Protein 
Fractions 

The lipid fraction in whey is believed to inhibit much of 
the potential functionality of WPCs, and whey protein 
fractions. The lipid fraction in whey is also partly 
responsible for the fouling of the membranes on 
ultrafiltration processing of whey. Removal of the 
lipid fraction can thus improve processing efficiency 
(if ultrafiltration is employed) as well as product 
functionality. 

Removal of such lipid fractions from whey pnor to 
ultrafiltration or fractionation can be achieved by 
microfiltration using membranes of an appropriate pore 
size to remove the comparatively large lipid-containing 
material- However, fouling of microfiltration mem- 
branes (presumably also by the lipid-containing frac- 
tion) in such processes has, as yet, mitigated against 
commercial adoption of this approach. It is likely, 
however, that improvements in microfiltration mem- 
branes coupled with appropriate adjustment of process- 
ing conditions will result in commercialization of such 
processes in the near future. 
The addition of calcium to aggregate lipoproteins in 
\ whey has also been proposed as an alternative to 

microfiltration processing. Whilst this process is techni- 
i cally effective, it would pose particular difficulties on 

scaling up to commercial operation. 
I a number of the whey fractionation processes pre- 

vously outlined result in the preferential transfer of any 
lipid-containing portion of the whey into one particular 
fraction. For example, the lipid fraction in whey is 
preferentially found in the a fraction produced by the 
Australian process utilizing thermal aggregation. Such 
H lipid material may be removed from wfiey fractions by, 
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Of their nature, it is likely that whey protein fractions 
will have much greater and more reliable functionality 
than will WPCs, even WPCs of 75% protein content. 
Although the existing production of whey protein 
fractions is limited in the main to those from the Bi-Pro 
and Spherosil processes, and are of comparatively small 
tonnage, the ongoing development of the thermal 
aggregation processes will likely see production of whey 
fractions increase sharply in the next few years. Already 
whey protein fractions attract much higher returns than 
WPCs and, with increased production, it is probable 
that increased applications will be identified, resulting in 
increased demand. Some products in which WPCs and 
whey fractions have been commercially utilized are 
listed in Table 3. 

Whey fractions and whey protein concentrates bring 
many valuable functional properties as food ingre- 
dients. They can modify some or all of the organoleptic, 
visual, hydration, surfactant, structural, textural and 
rheological properties of the food, resulting in improved 
consumer acceptance of the product. It is probable that 
the further development of specialized whey fractions 
with reliable and well-defined functional properties will 
see a marked increase in the application of these 
products over the next few years. 
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